REMARKS 

A. A Method For Treating Sleep Apnea Is Patentably Distinct From A Method For 
Treating Snoring 

Applicants note the Examiner's remarks "that snoring is a symptom of an obstructive 
sleep apnea". However, Applicants request reconsideration that a treatment for snoring 
anticipates a treatment for sleep apnea. 

a. Snoring And Sleep Apnea Are Recognized As Distinct Conditions 

One estimate states that only 10% of snorers have sleep apnea . See, Huang, et al., 
"Biomechanics of Snoring", Endeavor , pp. 96 - 100, Vol. 19, No. 3 (1995), first page, column 1 
(cited in present application and copy enclosed for the Examiner's convenience). Snoring is a 
poor predictor of sleep apnea since snoring is so common in the general population. Schlosshan 
et al., Clinical Presentation and Diagnosis of the Obstructive Sleep Apnoea Hypopnoea 
Syndrome", Thorax , pp. 347 - 351 (2004) (copy enclosed). While recognizing that most (but not 
all) sleep apnea patients snore, Schlosshan et al. describe clinical diagnosis based on a 
combination of habitual load snoring and frequent breathing pauses with a full sleep study (i.e., 
polysomnography) regarded as the "gold standard for the diagnosis .. . (p. 349, col. 1) 

As a result of the complexity of sleep apnea and the unreliability of snoring alone, it 
would not be obvious to one of ordinary skill in the art to turn to a snoring treatment to treat 
obstructive sleep apnea. 

b. The FDA Recognizes That An Effective Snoring Treatment Does Not Suggest 
Effectiveness As A Sleep Apnea Treatment 

The assignee of the present application and the Conrad et al. patent has sought clearance 
(under so-called 51 0(k) clearance) through the U.S. Food and Drug Administration to market a 
palatal implant for both snoring and sleep apnea. 

After applying for a clearance with data indicating abatement of snoring, the FDA issued 
510(k) No. K01 1723 for treating snoring on December 18, 2002. A copy of the indication for 
use for K01 1723 is enclosed. 

Only after submission of additional data with a new 510(k) application did the FDA issue 
510(k) No.040417 for treating obstructive sleep apnea. A copy of the indication for use for 
K040417 is enclosed. 
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The FDA's requirement of two separate applications (with supporting data) for treatment 
of snoring and sleep apnea is evidence that a method for treating snoring is not the same as or 
suggestive of a method for treating obstructive sleep apnea. 

c. Scientific Literature Supports A Recognition In The Art That A Snoring 
Treatment Does Not Suggest Its Use In A Sleep Apnea Treatment 

Enclosed is a copy of Blumen, et al., "Radiofrequency Ablation for the Treatment of 
Mild to Moderate Obstructive Sleep Apnea", Laryngoscope , pp. 2086 - 2092 (2002). That 
article (published after Applicants' effective filing date) notes that a radiofrequency (RF) 
ablation of the soft palate had been used to treat snoring but without a significant reduction in 
obstructive events (p. 2086, col. 2, 2 nd para.). The article also notes that historically, UPPP 
(surgical removal of a portion of a trailing end of the soft palate) was the only soft palate surgical 
technique recommended by the American Sleep Disorders Association (p. 2089, col. 2, 2 nd 
para.). Additionally, the article notes that reduction of snoring is not, by itself, a cure for sleep 
apnea (p. 2091, col. 1, 3 rd para.). The article does note that RF ablation of the soft palate in some 
patients is a effective treatment for OS A (Conclusion, p. 2091, col. 2). 

The Blumen et al. article further establishes that a snoring treatment does not show or 
suggest a sleep apnea treatment since: 

1 . With the exception of highly invasive UPPP, soft palate treatments were not 
recommended in the art for treating sleep apnea; 

2. Reduction in snoring is not by itself evidence of successful treatment of sleep apnea; and 

3. An RF soft palate snoring treatment which also treated sleep apnea was a surprising 
result. 

d. Amendments To Claim 1 

Claim 1 is amended to correct the informality noted by the Examiner 
Claim 1 is also amended to incorporate into the body of the claim as well as the preamble 
that the method of treatment is to treat obstructive sleep apnea on sleep apnea identified patients. 

B. Terminal Disclaimer 

Enclosed is a terminal disclaimer with reference to U.S. Pat. Nos. 6,431,174; 6,250,307 
and U.S. Pat. No. 6,513,530 to overcome double patenting rejections raised by the Examiner. 
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For the reasons given above, Applicants respectfully submit this application is in 
condition for allowance. Reconsideration and Notice of Allowance are solicited. 

Respectfully submitted, 

MERCHANT & GOULD P.C. 
P.O. Box 2903 

Minneapolis, Minnesota 55402-0903 
(612) 332-5300 



Date: 




R. Conrad 
Teg. No. 30,164 
TROPLSkaw 
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Biomechanics of snoring 



Lixi Huang, S. James Quinn, Peter D.M. Ellis and John E. Ffowcs Williams 

A large proportion of the population either snores or suffers the snoring of others. Recent advances with 
the use of fibre-optic endoscopes have enabled surgeons to observe the inside of the pharynx while a 
patient is asleep and snoring. In this article we look at the underlying structure of the upper airway and 
explain, with the use of simplajjiechanica! models, the aerodynamic events occurring inside the upper 
airway during snoring. 



Up to 20 per cent of the adutt population 
snore habitually [I] and it is not uncommon 
in children. It is likely that man has found 
the snoring of others unpleasant since cave- 
dwelling times, but it was not until the sec- 
ond half of this century that effective medi- 
cal and surgical treatments were developed. 
The sound of snoring consists of a series of 
impulses caused by the rapid obstruction and 
reopening of the upper airway. This cycle of 
closure and opening occurs in the region of 
fifty times per second during a snore. In most 
cases, loud snoring does not pose any health 
threat although it is a frequent cause of mari- 
tal disharmony; In 10 per cent of habitual 
3norers» complete collapse of the airway 
during sleep leads to the obstructive sleep 
apnoea syndrome. Due to adverse effects on 
the cardiovascular system and daytime tired- 
ness, this disease has been linked with higher 
than average rates of death from both acci- 
dental and natural causes [2]. In the last ten or 
so years there has been an increasing aware- 
ness in the general population of the prob- 
lems of loud snoring and obstructive sleep 
apnoea, and doctors have been seeing a much 
greater demand for medical and surgical 
treatment. In this article we have combined 
our experiences from the clinical obser- 
vation of snoring in adults with an explana- 
tion of the suggested underlying mechanics. 
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. Clinical studies 

The structure of the upper airway in humans 
is fairly uniform (Figure 1). Air may enter 
either through the mouth or the nose or 
through both simultaneously. The nose can 
be thought of as a rigid tube through which 
air flows. It is a site of significant airflow 
resistance but it has bony walls and is not 
prone to collapse. After passing through the 
mouth or nose, air enters the pharynx. The 
soft palate lies at the upper end of the pharyn- 
geal airway and acts as a flap or valve which 
closes off the nasal airway during swallow- 
ing to prevent the regurgitation of food into 
the nose. It also regulates the amount of air 
escaping via the nose during speech. The 
pharynx accommodates both the passage of 
air while breathing and the passage of food 
while swallowing. To perform both these 



functions it takes the form of a soft, distens- 
ible, and collapsible tube which is held open 
by the action of the pharyngeal muscles. At 
the lower end of the pharyngeal airway lies 
the larynx. Here the air and food passages 
split. Food passes down into the oesophagus 
on the way to the stomach. Air passes 
through the larynx into the trachea, and on 
down to the lungs. The larynx and trachea 
contain a strong framework of cartilage and 
are not prone to collapse under normal cir- 
cumstances. The upper airway can therefore 
be thought of as a tube with two openings at 
the upper end and one at the tower end. This 
tube is rigid at both ends but flexible in its 
mid section (Figure 2). A flexible Hap (the 
soft palate) sits at the junction where the 
two openings of the upper end of the airway 
join to form a single channel. It is the 
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Figure 1 The anatomy of the human upper airway 
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Figure 2 Schematic representation of the 
upper airway. 



compromise in structure required to 
accommodate the efficient passage of solid 
i and liquid food which result in the ten- 
i dency of the pharyngeal airway to collapse 
during inspiration with the resulting phe- 
nomena of snoring and obstructive sleep 
apnoea. 

Examination of the dynamic events occur- 
ring inside the airway while a subject is 
asleep and snoring is difficult. Recently a 
technique called sleep nasendoscopy has 
been described [3]. This technique allows 
the direct visualization of the interior of the 
pharyngeal airway while the subject re- 
mains asleep. The subject is sedated with a 
hypnotic drug, and a thin and flexible fibre- 
optic endoscope is passed via the nasal 
cavity into the pharynx. We have observed 
several different types of snoring using 
sleep nasendoscopy. The majority of snor- 
j ing in the human adult is caused by the soft 
■ palate flapping backwards and forwards in 
. the airway. Two types of soft palate vi- 
bration have been observed. In one, the 
mouth is closed and air is drawn into the 
lungs through the nose. In this case, a cycle 
of vibration consists of the trailing edge of 
the soft palate being sucked into the naso- 
pharyngeal space and briefly obstructing the 
airway before dropping back down on to the 
tongue below. The second type of vibration 
occurs when the mouth is open and air is 
drawn both over the upper surface of the 
soft palate via the nose and over the lower 
surface via the mouth. The soft palate in this 
case flaps up and down between the tongue 
and posterior pharyngeal wall, briefly ob- 
structing the oral and nasal airways, in mm. 
In a smaller proportion of people, snoring 
may be caused by collapse of the pharyn- 
geal airway below the level of the soft 
palate but above the level of the larynx. The 
component most subject to collapse is cir- 



cular or tube-like but, because of variations 
in the wall of the pharynx caused by the 
presence of the tonsils and tongue-base, the 
direction of collapse varies between indi- 
viduals and may be either from side to side 
or front to back. 

The medical treatment of airway collapse 
has centred around the use of a technique 
known as nasal continuous positive airway 
pressure (CPAP). Nasal CPAP is very effec- 
tive [4]. It works by splinting open the 
collapsible pharynx by maintaining an 
increased air pressure inside the pharynx 
during breathing. The user wears an airtight 
mask over the nose. The mask is attached to 
a pump which pumps air into the mask at a 
constant pressure (Figure 3). The mask con- 
tains two valves which ensure that inspired 
air comes from the pump and that expired 
air is vented to the atmosphere. One valve 
(valve b in Figure 3) opens only when the 
pressure inside the mask exceeds around 
5 cm of water pressure above atmospheric 
pressure. This ensures that the pressure 
inside the nose and upper airway does not 
fall below atmospheric pressure during the 
breathing cycle, and so collapse of the phar- 
ynx is prevented during inspiration. The 
mask is strapped to the subject's head and is 
wom all night long. Nasal CPAP effectively 
stops both snoring and obstructive sleep 
apnoea. However, the equipment is bulky, 
expensive, and somewhat noisy, and its use 
is therefore restricted to patients with 
obstructive sleep apnoea severe enough to 
threaten their general health. 

The traditional surgical procedure for 
reducing heavy snoring is called the uvulo- 
palatopharyngoplasty [5]. This operation 
involves removing 2 cm of the trailing edge 
of the soft palate (cf. Figures 1 and 6(a)) 
thereby reducing its ability to flutter be- 
tween the tongue and pharyngeal wall. This 
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operation is effective but painful and may 
also have considerable unwanted side- 
effects (6J. 

It is hoped that study of the biomechanics 
of snoring will help to produce further 
advances in treatment in the future. In this 
article we now explore the underlying 
mechanics for two types of observed snor- 
ing phenomena using mechanical models. 
The first type of snoring that we explore is 
that involving flutter of the soft palate; the 
second is that caused by collapse and vi- 
bration of the pharyngeal airway. 

Basic concepts 

Snoring, and indeed respiratory noise in 
general, is caused by the coupled oscillation 
of the walls of the airway with the airflow 
through it. From the point of view of 
mechanics, these are problems related to the 
stability of flows over flexible structures. In 
the study of fluid-structure interactions, 
linear analyses play a vital role, although 
quantitative results call for the inclusion of 
non-linear effects. Linear analysis investi- 
gates the behaviour of very small disturb- 
ances to an otherwise steady state. Within 
this theoretical framework two distinct 
types of instability emerge. One is called 
'static divergence* and the other is called 
'dynamic instability* or •flutter*. The basic 
concepts of the two types of instability are 
well demonstrated by the behaviour of the 
mass-spring system shown in Figure 4. As 
the suspended ball is displaced downwards 
by an applied force F. the spring tends to 
hold it back and acts to return the ball to its 
equilibrium position E. If the applied force 
F grows linearly as the ball is displaced 
further away from E, then the applied force 
can be viewed as though it originated in 
a spring of negative stiffness. In other 
words, the applied force can be viewed as if 
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Figure 3 Diagram demonstrating the flow through a nasal CPAP mask. Air la Inhaled from 
the pump via valve a. Exhaled air from the lungs la vented to the atmosphere via valve b. 
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Figure 4 The stability of a ball attached to a spring. E is the equilibrium position; Fis an 
applied force which displaces the ball from its equilibrium position. 



it originated in a second spring whose direc- 
tion of action is always opposite to the orig- 
inal spring. If this second or negative spring 
«s stronger than the existing positive spring 

en, once the ball is displaced from its 
equilibrium position E, the net force pulls 
the ball further away from E. The ball does 
not return to £ but instead accelerates 
away until the spring, and indeed the linear 
theory, breaks down. The positional instabil- 
ity that occurs in this way is described as 
static divergence. 

If, on the other hand, the system is such 
that the total stiffness remains positive, then 
when the ball is released from a displaced 
position it will come back to E. However, 
due to its inertia, it will overshoot across the 
equilibrium point. In the absence of any 
damping, the ball would overshoot by the 
same displacement in the other direction, 
and a cycle of oscillation would become 
established which would go on for ever. In 
the presence of damping, kinetic energy is 
lost and the oscillation cycle decreases until 
the ball finally comes to rest at E. If, how- 
ever, the damping were negative, then, rather 
than decreasing with each cycle, the ampli- 
tude of oscillation would grow instead. This 
phenomenon is known as "flutter*. Since it 
is not easy to imagine that damping can be 
negative, consider an example of flutter 
induced by a spring with a special property. 
This spring acts in the same direction as the 
original spring but has a small time delay 
before it acts to restore the ball to its equi- 
'-hrium position. When the ball reaches its 

.uUibrium position E, because of the time 
- delay the spring still has a force pulling the 
ball further across the equilibrium point as 
if the ball had not yet reached it. The de- 
layed action of the spring transfers energy 
into the system and the amplitude of the 
oscillation will grow cycle by cycle. 



Both flutter and static divergence occur in 
snoring. The following mechanical models 
demonstrate how they occur in the soft pal- 
ate and in the walls of the pharynx. 

Model of palatal snoring 
In this model we simulate the movement of 
the soft palate in palatal snoring (Figure 5). 
The model represents human breathing in 
through both mouth and nose with the 
inspired air flowing over the upper and the 
lower surfaces of the palate. The hard palate 



is rigid and bony and is simulated in our 
model by a thin plate of wood. The soft 
palate is soft and flexible and is represented 
by a piece of soft leather. The wooden 'hard 
palate' and leather 'soft palate' are attached 
to each other and are set inside a rigid 
Perspex tube. The tube is connected to a 
suction pump to simulate the action of the 
lungs during inspiration. Below a critical 
flow speed, the soft palate remains still. 
Once the speed is exceeded, the soft palate 
flaps violently back and forth, hitting the 
sides of the tube. Careful observation, con- 
firmed by photographic evidence, reveals 
that the flap of the soft palate actually starts 
as small-amplitude oscillations which in- 
crease in size over several cycles until the 
tube wall is hit. This conforms with the con- 
cept of flutter [7]. In order to understand 
this mechanism we first compare the soft 
palate to a flat wing section, the stability of 
which is well understood. A lifting force is 
exerted by the airflow over the wing if the 
wing swings across the direction of flow. 
This force acts to restore the wing to its 
central equilibrium position. An essential 
condition for this restoration is that the wing 
remains straight. If, in our model, we 
replace the flexible leather used for the soft 
palate with a rigid plate hinged to the hard 
palate, then we find that the plate does stay 
still regardless of the speed of flow over it. 
The distribution of the lift force is such that 
it is highest at the leading edge and disap- 
pears towards the trailing edge. When the 
wing is flexible then its flatness will not be 
maintained under the action of these aero- 
dynamic forces. The distribution of the lift 
force tends, therefore, to bend the soft 
palate. 
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Figure 5 The experimental model to simulate palatal snoring, and a diagram 
demonstrating the lifting forces on the palate. 
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Figure 6 Diagrammatic representation of the roof of the mouth. The shaded area In (a) 
demonstrates the area of soft palate excised in the uvulopalatopharyngopiasty operation. 
The stippled area in (b) demonstrates the area of creation of scar tissue in the new 
operation. The dashed line in (b) denotes the junction of the hard and soft palates. 



Let us now treat the soft paiate as the ball 
in the previously described mass-spring sys- 
tem, with its natural stiffness acting as the 
spring which holds it in the equilibrium 
position. Any displacement of the palate 
leads to the generation of lift, and this dis- 
placement-induced force contributes to the 
effective stiffness of the system. Aerody- 
namic considerations tell us that the force is 
basically dependent upon the angle at which 
the surface attacks the incoming flow. Due 
to the non-uniform force distribution, the 
upstream part of the soft palate responds 
first and the trailing edge lags behind. This 
means that the lift force, when viewed as 
an aerodynamic spring, has a delayed re-' 
sponse to the motion of the soft palate as a 
whole. The result is a net transfer of kinetic ' 
energy from the airflow to the oscillating 
soft palate. The amplitude of oscillation in- . 
creases from cycle to cycte, consistent with 
our earlier explanation of flutter. The oscil- 
lation amplitude is limited by the walls of the 
surrounding tube, and once the oscillation 
has reached its full amplitude impulsive 
noise is created as the soft palate hits the 
wall of the tube. The impulsive waveform 
of this model is shared both with the acous- 



tic waveform of our rubber tube model for 
pharyngeal snoring (which is described in 
the next section) and also with the acoustic 
waveform of the human snoring sound. The 
palatal impulses are caused by the sudden 
cessation of local airflow as the trailing 
edge of the palate makes contact with the 
wall of the tube. 

Once we have described the mechanics 
we can explore ways of reducing the ten- 
dency of the soft palate to. flap. It is clear 
that both the length of the soft' palate and 
its flexibility have fundamental effects on 
the critical flow speed at which flutter 
will Qccut Shortening the sqft palate, as is 
done with the uvulopalatopharyngopiasty 
operatiori (Figure 6(a)), effectively raises the 
critical flow speed and reduces or abolishes 
palatal flutter during inspiration. However, 
as we have mentioned previously, the soft 
palate performs an important function in 
closing off the nose from the mouth during 
swallowing and speech. Shortening of the 
soft palate in this way compromises the 
function of the soft palate, and in some 25 
percent of treated subjects this leads to the 
escape of fluids from the mouth into the 
back of the nose while drinking [6]. 



After studying the movement of the soft 
palate during snoring and examining the 
theoretical methods to reduce the tendency 
of the palate to flap, an operation was pro- 
posed to modify the function of the soft 
palate [8J. Reducing the flexibility of the 
soft palate as we have mentioned above 
should reduce palatal flutter. As the soft 
palate would not be shortened its function 
as a valve should not be impaired. With 
this in mind, a surgical laser was used to 
create scar tissue on the surface of the soft 
palate to stiffen it. This was achieved 
by removing a broad strip of mucosa, but 
not the underlying muscle, in a sagittal 
direction from the lower surface of the soft 
palate (Figure 6(b)). This produces an ulcer 
on the lower surface of the soft palate. As 
the ulcer heals over the next couple of 
weeks, so scar tissue is laid down which 
reduces the flexibility of the soft palate. A 
surgical laser is used because it produces 
a virtually bloodless field and reduces 
swelling and pain in the early postoperative 
period. Initial results from using this tech- 
nique have been promising, with a complete 
or near-complete reduction in snoring in 
three-quarters of subjects and a much lower 
level of side-effects when compared with 
the uvulopalatopharyngopiasty operation. 
In particular, none of the patients who 
have had this operation under our care have 
experienced the nasal regurgitation of 
fluids. 

Model of pharyngeal snoring 
This model simulates the rhythmic collapse 
and opening of the pharynx observed dur- 
ing pharyngeal snoring. The pharyngeal 
airway is represented by a compliant tube 
which wiU collapse under a certain pressure 
differential. The tube, made of thin rubber, 
is of finite length with its upstream end 
open to the atmosphere and its downstream 
end connected to a suction pump as shown 
in Figure 7. The pump represents the suction 
. effect of the lungs during inspiration. When 
the air flows, its pressure falls from p 0 to p 
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Figure 7 The experimental model to simulate inspiratory now through the pharynx. 
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hjure 8 Consecutive frames of high-speed video filming of a collapsing tube conveying 
airflow, and graphs demonstrating the variation over time of the distance D between the two 
opposite sides and the speed of movement of the walls, 6D/61 



as part of its energy is converted into the 
Idnetic energy of motion. The Bernoulli 
equation gives p = p„ - V 2 p«2, where p 
and u are the air density and flow speed 
respectively. The air pressure outside the 
tube is the constant and the pressure 
difference p a - p tends to collapse the 
tube. In addition to this inviscid pressure 
drop, there is a friction force between the 
wall of the tube and the airflow which 
causes the pressure to drop along the flow 
path. The pressure is lowest therefore at 
the downstream end. As the airflow speed 
is increased and the internal pressure falls, 
the limit of the tube's circumferential 
strength is first reached near its downstream 
end. although not at the very end as the tube 
is supported there by its attachment to the 
rigid entrance of the pump. At first the tube 
section becomes elliptical, with smaller 
cross-sectional area than the circle of the 
same periphery. This narrowing of the 
airway causes the flow to speed up, with 
the same mass flow passing through the 
narrowed section but at a faster speed. This, 
in turn, leads to a further reduction in 
the local pressure, and so on. The result 
is that the section will collapse completely 
\n an accelerating manner until the op- 
posing sides of the tube hit each other. This 
is a typical case of static divergence. But 
there are many ways of looking at this prob- 
lem, and there are additional effects that 
prevent the two sides from going all the way 
towards collision. A flutter-type of instabil- 



ity can occur prior to total collapse [9,10]. 
That phenomenon where flutter precedes 
total collapse is known as 'post-divergence 
flutter'. 

In search of evidence of post-divergence 
flutter, we performed an experiment where 
internal flow caused the collapse of a rubber 
tube constructed to model the pharynx. We 
observed the tube and recorded Us shape 
using a high-speed video camera (EKTAPRO 
EM, Kodak, Rochester. New York) at a rate 
of 1000 frames per second. The lens was 
focused on the inner surface of the collaps- 
ing section of the tube. The consecutive 
frames before and after the two sides of the 
tube first come into contact are displayed 
in Figure 8. The distance between the two 
sides of the collapsing tube was measured, 
and its time history is consistent with the 
collapse continuing until contact is made. 
There was no evidence of flutter in our 
experiment. 

What happens after complete collapse is 
striking. From the film and the measured 
data, we find that the tube reopens at more 
than twice its closing speed. We believe 
that this is caused by the very high positive 
internal pressure induced by the sudden 
interruption of the flow, a kind of 'water 
hammer* phenomenon. The sudden obstruc- 
tion produces a shock that moves upstream 
to bring the flow to rest. The shock adjusts 
the flow speed to accommodate the block- 
age and produces very high internal press- 
ures that force the tube to reopen rapidly. 



As the tube opens so it distends momen- 
tarily to greater than its original diameter 
due to the high local pressure. There then 
follows some four cycles of decaying local 
vibration in the tube wall which we believe 
to be the ringing of the suddenly expanded 
tube. Such a detailed examination of the 
movement of the pharynx in a human while 
snoring has yet to be performed, and may 
prove to be a big challenge. 

Conclusion 

In this article we have given a brief descrip- 
tion of the events observed to occur in 
the human pharynx during snoring. Using 
simplified models of the pharynx we have 
explored the biomechanics of snoring for 
two distinct types of noise production. 
The instabilities in the structure of the 
pharynx which lead to snoring appear to 
be due to the phenomena of flutter and 
static divergence. We have also suggested 
that the 'water hammer* effect may have a 
role in the reopening of the momentarily 
occluded airway. By far the most common 
method of noise production in the human 
is that of palatal flutter. Our research 
has suggested to us a new method of treat- 
ing palatal flutter snoring by stiffening 
rather than shortening the soft palate. Ini- 
tial results for this procedure have been 
promising, but caution must always be 
observed with any new medical treatment as 
the long-term effects are not initially 
obvious. 

Acknowledgements 
The authors wish to thank Arthur Timbs of 
Cambridge University Engineering Depart- 
ment for his help in our experimental studies, 
and the medical illustration departments of 
Hinchingbrooke Hospital, Huntingdon; 
Addenbrooke's Hospital, Cambridge; and 
the Royal London Hospital, Whitechapel, 
for their help in producing the medical illus- 
trations used in this article. 

References 

[ 1 1 Jennum, R and Sjol. A. int. J: Epidemiol. 

22<3). 439-44, 1993. 
12) He, J. ( Kryger.M.H..Zorick,R).. 

Conway. W. and Roth, T. Chest. 94. 9-14, 
1983. 

(3) CrofuC.B.andPringle.M.Cf//u 

Otolaryngol. 16, 504-9. 1991. 
[4] Sullivan, CE., Issa. F.G.. 

Berthon-Jones, St. and Eves, L. Lancet I, 
862-65. 1981. 
[5) Fujita, S.. Conway, W„ Zorick. F. and 

Roth. T. Otolaryngol. Head Seek Surg. 89. 
923-34. 1981. 
[6] Croft, CB. and Colding-Wood, D.O. 
/. Laryngol OtoL 104. 871-75. 
1990. 

[71 Huang, L. /. Fluids Struct. 9(2), 127-47. 
1995. 

[81 Ellis. RD.M..Ffowcs Williams J.E and 
Schncerson, I.M. Am. R. Coll Surg. 
England IS, 286-90, 1993. 
[9J Kamm,Ri3.aadPedlcy.TJ.y.Bio#iucA. 

Eng. Ill, 177-79. 1989. 
(lOJ Weaver, DS. and PaiVtoussis. MP. 7. Sound 
Vitiation 50(1X 117-32. 1977. 



347 



REVIEW SERIES 



Sleep • 3: Clinical presentation and diagnosis of the 
obstructive sleep apnoea hypopnoea syndrome 
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Patients with OSAHS may present to a sleep clinic or to 
other specialists with symptoms that are not immediately 
attributable to the condition. The diagnostic methods 
available are reviewed. 
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The obstructive sleep apnoea hypopnoea 
syndrome (OSAHS) has been described as a 
public health problem comparable to smok- 
ing in its effects upon society. 1 However, it is 
largely unrecognised and undiagnosed. 2 Young ef 
a! estimated that 93% of women and 82% of men 
with moderate to severe OSAHS are not diag- 
nosed. 5 Yet these patients are being seen by 
doctors on a regular basis; a telephone survey in 
the UK of approximately 5000 individuals aged 
15-100 years found that 31% of those with 
breathing pauses during sleep had sought 
medical help more than six times in the previous 
12 months compared with 12% of snorers and 
11.9% of non- snorers. They sought medical 
treatment from their GP for a variety of physical 
complaints— not obviously related to a sleep 
problem— more than twice as often as patients 
without OSAHS. 2 The failure to recognise the 
syndrome is in part due to lack of training in 
sleep medicine ( a study of all UK medical schools 
showed that students received a median of 
5 minutes teaching in all aspects of sleep 
medicine throughout their training 4 ) and a 
general lack of awareness. Many of the symp- 
toms are non-specific and have other possible 
causes.' Failure to recognise OSAHS is costly 
both to the individual and to society; under- 
diagnosis is thought to cost the USA $3.4 billion 
in additional medical costs per year.* To this 
figure must be added the cost of losses in 
productivity, accidents, etc 7 a 

Because OSAHS is so common, has consider- 
able effects upon patients and their partners, 
increases the risk of other diseases, can be 
effectively treated, and is so often unrecognised, 
it is important to improve the way these patients 
are diagnosed. The first step is to increase 
awareness among doctors and the general public 
and for a simple sleep history to become part of 
the normal systems review taught at medical 
school 

This review will focus both on how patients 
present to sleep clinics and how they may 
present to other specialises with symptoms that 
are not immediately attributed to OSAHS. 



Thorax 2004;59:347-352. doi: 10.1136/ihx2003.007179 

PRESENTATION TO SLEEP CLINICS 

Patients are predominantly referred to a sleep 
clinic because they complain of excessive day- 
time sleepiness (EDS) or their partner complains 
about the noise of their snoring or expresses 
concern about witnessed apnoeas. 9 



Snoring 

Snoring is very common in the general popula- 
tion; 35-45% of men and 15-28% of women 
report habitual snoring.' 10 Loud intrusive snor- 
ing affects bed partners, family, and even 
neighbours. Noise pollution and its resulting 
social disability, relationship disharmony and 
threatened marriage break up" is an important 
reason why the patient, often pressurised by 
their partner, seeks medical help. In this case the 
"patient" is often more correctly the partner as 
the individual concerned is not aware of any 
adverse affects from his/her snoring other than 
the irritation reported by others. Snoring is also 
the most frequent symptom of OSAHS, occurring 
in 70-95% of patients, 12 but because it is so 
common in the general population it is a poor 
predictor of OSAHS." However, the absence of 
snoring makes OSAHS unlikely; only 6% of 
patients with OSAHS do not report snoring, 14 
but it should be appreciated that a patients 
perception of his/her snoring may be inaccurate. 
Three quarters of patients who deny snoring turn 
out to snore when this is measured objectively." 
Whenever possible, an account from a third party 
should be obtained. 



Excessive daytime sleepiness 

Excessive daytime sleepiness is caused by frag- 
mented sleep related to frequent arousals. Like 
snoring, it is common and a poor discriminator 
of the patient with OSAHS. 30-50% of the 
general population without OSAHS report mod- 
erate to severe sleepiness." " It is important to 
differentiate true sleepiness (the urge to sleep) 
from various forms of tiredness such as lethargy, 
malaise or exhaustion. Patients themselves may 
underreport their sleepiness," either because 
they arc not aware of it or because there are 
social pressures to deny that it is a problem. They 
may not have considered other obvious causes of 
EDS such as drugs and shift work, and these 



Abbreviations: AM, aprrcea/hypepnoea index; EDS, 
excessive daytime sleepiness; ESS, Epworth sleepiness 
scale; MSLT, multiple sleep latency test; MWT, 
maintenance of wakefulness test; ODJ, ox 
desaturation index; OSAHS, obstructive 1 
hypopnoea syndrome; PSG, pofysomnogn 
respiratory inductance plethysmography; f 
disordered breathing 
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should always be asked about in the history. The possibility 
of dual causes such as shift work and OSAHS should also be 
considered. 

Several tools are available for measuring sleepiness both 
subjectively and objectively. There is no gold standard, but 
the easiest and most practical is the Epworth sleepiness scale 
(ESS)." Drawbacks include poor correlation with the severity 
of OSAHS and the disadvantages that accompany any self- 
evaluated test such as misperception of sleep episodes and 
the possibility of cheating. The input of the partner is very 
useful. 19 The major advantages of the ESS are that it is 
simple, quick, inexpensive, and has a high test-retest 
reliability. 20 Objective tests have obvious advantages but are 
time consuming and may not reflect everyday activity. They 
include the multiple sleep latency test (MSLT), 2 ' the 
maintenance of wakefulness test <MWT), U and the Osier 
test. 25 Patients may also have neurocognitive deficits and 
psychological problems such as difficulty concentrating, poor 
memory, cognitive performance and personality changes 
with irritability and mood swings.* These problems may be 
of greater consequence to the patient than EDS, but routine 
psychometric assessment is not practical in clinical practice. 

Witnessed apnoeas and nocturnal choking 

Concern by the bed partner about breathing pauses witnessed 
during sleep is the third common reason for referral to a sleep 
clinic. However, bed partners rarely give a reliable account 
about apnoeas during sleep and even trained medical staff 
are poor at diagnosing respiratory events in patients with 
OSAHS through clinical observation. 24 Female patients with 
OSAHS are less likely to report nocturnal apnoeas* 5 26 and 
witnessed apnoeas may be reported in up to 6% of the normal 
non-apnoeic population." The patient may report waking up 
with acute panic and choking. These episodes usually only 
last for a few seconds but can cause considerable distress, 
both to the patient and the partner. They have to be 
differentiated from other causes of nocturnal breathlessness 
such as paroxysmal nocturnal dyspnoea in the patient with 
left ventricular failure, nocturnal asthma, acute laryngeal 
stridor, or Cheyne-Stokes respiration in patients with heart 
failure. Episodes of breathlessness in these conditions usually 
last longer and/or there is other evidence of the condition in 
question. 

PRESENTATION TO OTHER SPECIALTIES 

Hie pathophysiological consequences of OSAHS can affect 
almost every organ in the body and patients can present to 
other medical specialties with symptoms related to, caused 
by, or exacerbated by OSAHS. 17 It is important that clinicians 
are aware of the various ways in which OSAHS may manifest 
in their specialty, as in some cases treatment of the OSAHS 
results in an improvement in— or even complete resolution 
of— these symptoms. 2 *-'* Furthermore, treatment of some 
conditions such as hypothyroidism" and acromegaly 32 may 
result in resolution of OSAHS. It is beyond the scope of this 
review to describe in detail the presentation to various 
medical specialties but an overview is given in table 1* ** 

DIAGNOSIS 

The diagnosis of OSAHS is based on the characteristic clinical 
features together with objective demonstration of sleep 
disordered breathing (SDB). The American Sleep Disorders 
Association (ASDA) has proposed guidelines and a classifica- 
tion of severity of OSAHS (box l). 20 This emphasises that the 
diagnosis of OSAHS is not based solely on the detection of 
respiratory events, but equally includes clinical factors such 
as sleepiness and impairment of social or occupational 
functioning. 




Clinical assessment 

Clinical assessment alone is not sufficient to make the 
diagnosis of OSAHS. Even sleep experts have been reported 
to be wrong in 50% of cases when making the diagnosis on 
history and examination alone. 14 M None of the common 
presenting symptoms alone has sufficient discriminatory 
value to make an accurate diagnosis. 1 ' Combining constella- 
tions of symptoms can improve diagnostic accuracy. Loud 
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snoring and witnessed apnoeas identified OSAHS with a 
sensitivity of 78% and a specificity of 67%." In a large study 
of 5000 subjects, those reporting habitual loud snoring and 
frequent breathing pauses were 3-4 times more likely to have 
an apnoea/hypopnoea index (AHI) of >15 than those who 
did not have any of these symptoms." These findings are in 
keeping with results from previous studies." 14 34 14 M 
Although obesity is an important risk factor for OSAHS, 
50% of patients are not clinically obese (body mass index 
>30 kg 2 ). 40 Location of fat deposition, especially anterolateral 
to the upper airway, is more important. 40 Neck circumference 
has consistently been shown to be a strong predictor of 
OSAHS, 41 " values of <37 cm and >48 cm being associated 
with a low and high risk, respectively. Certain craniofacial 
abnormalities are associated with OSAHS. Tonsillar hyper- 
trophy, retrognathia, micrognathia, and certain facial con- 
figurations have been detected by cephalometry, MRI, or CT 
scans to be present In some patients with OSAHS, 42 but are of 
little predictive value. However, some are potentially amen- 
able to surgical correction. Routine upper airway imaging is 
not currently recommended. 

Clinical prediction models 

Prediction models for both primary and secondary care that 
calculate the probability of a patient having OSAHS using 
self-reported symptoms combined with demographic and 
anthropometric data have been developed to try to improve 
the predictive value of clinical variables. With increasing 
recognition of OSAHS, the demand for diagnostic services is 
rising and such models may help to select patients for further 
evaluation. One author claimed that the number of poly- 
somnography investigations could be reduced by nearly 40% 
using one such model. 4 * They are low cost and can be 
performed in the clinic; however, when tested prospectively, 
they have a high sensitivity (76-96%) but a low specificity 
(13~54%). 4 * Furthermore, most have not been validated in 
populations such as the elderly, ethnic minorities, and in the 
primary care setting, in all of which the presentation of 
OSAHS may be very different from that seen in a sleep 
clinic 44 Further validation of the clinical usefulness and cost 
effectiveness of such an approach is required. 

Tests for sleep disordered breathing 

Full polysomnography (PSG) is traditionally regarded as the 
gold standard for the diagnosis of OSAHS. Typically, it 
requires admission to hospital with a trained technician 
present throughout the night. It is time consuming, 
expensive, and the large variety of techniques, equipment 
and diagnostic criteria used by different sleep centres make 
evaluation and comparison of PSG data difficult 45 Redline et 
a! showed that the respiratory disturbance index can vary 10- 
fold depending on the definitions of the respiratory variables 
used for the diagnosis of OSAHS. This could lead to a 
situation where the same patient could be diagnosed and 
treated in one centre and be declared not to have OSAHS in 
another. 44 Furthermore, PSG has not undergone the rigorous 
evaluation of accuracy, reliability, and validity expected for a 
"gold standard" diagnostic test. 4 ' The AHI, the primary index 
extracted from PSG, is poorly correlated with EDS, increases 
in normal people with age, 47 and has not been shown to 
predict short or long term morbidity or mortality. This leads 
some authors to question whether PSG can be regarded as a 
gold standard and reference tool when evaluating alternative 
diagnostic tests. 4 * 4 * 

There are two different aspects to full PSG— monitoring of 
various parameters reflecting respiration and monitoring 
cortical brain activity to assess the presence or absence of 
sleep and its stage. The constraints of space preclude a 
comprehensive review of all the various devices available for 



the investigation of SDB, but the most important issues will 
be addressed. 

Monitoring of respiration 

The diagnosis of SDB rests upon detecting changes in 
oronasal airflow and respiratory effort to define apnoeas 
and hypopnoeas. However, increased work of breathing 
usually, but not always, associated with loud snoring alone 
can lead to sleep disruption and daytime symptoms. This has 
been described as the upper airway resistance syndrome. 50 
Whether it is part of the OSAHS spectrum or presents a 
distinct syndrome is controversial. 51 u Classically, it requires 
measurement of changes in oesophageal pressure. 20 50 The 
definition of apnoeas and hypopnoeas is arbitrary and other 
respiratory effort related events 20 and episodes of inspiratory 
flow limitation may be important. 

In patients with moderate to severe OSAHS the reprodu- 
cibility of the respiratory parameters from night to night is 
good. 53 For milder OSAHS a single negative study may not 
exclude OSAHS and a second study should be considered.* 4 53 
Sleep position, acclimatisation to a foreign sleep environ- 
ment concurrent respiratory tract infections, and variable 
alcohol and drug use are thought to be responsible for night 
to night variability in both respiratory and sleep parameters. 
Most airflow sensors detect apnoeas reliably, but the 
detection and quantification of decreased flow needed to 
diagnose hypopnoeas depends on the type of sensor used. 
Hypopnoeas make up the majority of obstructive respiratory 
events 44 and therefore measurement needs to be reliable. 
Oronasal airflow can be measured using thermistors which 
detect changes . in temperature with respiration. 
Unfortunately, the response is not linear and therefore they 
cannot be used to determine hypopnoeas reliably. 
Furthermore, their accuracy varies greatly depending on the 
position of the sensors, the sleep position of the patient the 
presence of nasal obstruction, and the make of the thermo- 
element used.* 4 For these reasons the ASDA Task Force does 
not recommend thermoelements for the detection of 
obstructive respiratory events. 20 Despite this, they continue 
to be used for flow detection in many commercially available 
sleep diagnostic systems. Nasal pressure sensors connected to 
the nose via nasal prongs are more accurate than thermo- 
elements in detecting hypopnoeas.* 7 However, nasal pressure 
is falsely increased in the presence of nasal obstruction and 
there is a non-linear relation between nasal pressure and 
nasal flow. Square root linearisation of nasal pressure greatly 
increases the accuracy for quantifying hypopnoeas and 
detecting flow limitation.* 6 ** Mouth breathing can affect 
the measurement but pure mouth breathing is uncommon. 40 
Respiratory effort can be assessed in a number of different 
ways. Chest and abdominal wall motion can be measured by 
strain gauges, pressure transducers, or by measuring the 
impedance of wires placed around the chest and abdomen. 
This allows the distinction between central events, charac- 
terised by a reduction in respiratory effort and obstructive 
events in which efforts continue, usually with a phase shift 
between chest wall and abdominal wall motion; as the 
diaphragm descends the abdomen moves out but because of 
upper airway obstruction, the thorax Is subjected to large 
negative pressures and is sucked in. Respiratory inductance 
plethysmography (RIP) detects changes in the volume of the 
chest and abdomen during inspiration and expiration and, 
when properly calibrated, the sum of the two signals can 
provide an estimate of tidal volume. 41 However, calibration 
may be difficult to maintain throughout the night. 42 RTF 
allows an acceptable semi-quantitative measurement of 
ventilation and therefore hypopnoeas. The ASDA Task 
Force recommends the use of RIP or measurement of nasal 
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pressure using nasal cannulae to detect airflow and ventila- 
tion. 20 

Monitoring of sleep 

Sleep quality and stage is monitored by electroencephalo- 
graphy (EEG), electro-oculography (BOG), chin electromyo- 
graphy (EMG) and analysed by criteria agreed in the 1960s.* 
These have been modified subsequently, in particular with 
the recognition that much shorter periods of arousal (so 
called "micro arousals") may be important. 
Electrophysiological monitoring allows confirmation that 
sleep has taken place, gives data about the amounts of 
different sleep stages and sleep quality, and can quantify the 
number of arousals which might reasonably be expected to 
be a good predictor of one of the most important symptoms 
of obstructive sleep apnoea— namely, EDS. Unfortunately, a 
number of studies have failed to show any relationship 
between the arousal index or any other of the sleep quality 
variables with daytime symptoms. 49 44 *' Furthermore, there is 
poor reprodudbility of the scoring of arousals. 66 Douglas et of* 
showed that the addition of electrophysiological analysis of 
sleep did not alter the diagnosis in 200 consecutive patients 
being investigated for possible OSAHS. It could be diagnosed 
as accurately by measuring the number of apnoeas + 
hypopnoeas per time in bed as by the number of apnoeas + 
hypopnoeas per time asleep (AHI). 

Despite its widespread use and many advocates, the 
evidence does not support the need for full PSG in the 
routine diagnosis of OSAHS. One other approach to the 
recording of sleep is wrist activity monitoring. Although it is 
not recommended routinely in the diagnosis, it may be a 
useful adjunct to a detailed history in the assessment of sleep 
disorders.** 

Objective confirmation of OSAHS 

Various different approaches have been developed. These 
range through attended full PSG, unattended full PSG, 
limited PSG to oximetry, or movement detectors alone. Split 
night studies have been used; in patients with an AHI of >40 
recorded in the first 2 hours of PSG the diagnosis of OSAHS 
can be made reliably without proceeding to a full night study. 
The second part of the night can be used for continuous 
positive airway pressure (CPAP) titration with accurate CPAP 
estimation.* 5 There is a trend for studies to be performed in 
the patient's home rather than hospital Home studies have 
the theoretical advantage that patients can sleep in their own 
environment without occupying a hospital sleep laboratory 
bed, providing more representative data in a cost effective 
way.** Failure due to technical problems can occur in 5-20% 
of cases. 45 70 Repeat testing increases costs. Factors such as 
patient disability or transportation problems make home 
studies impractical for some. 71 Further validation and 
evaluation of the cost effectiveness of home studies is 
required. 

limited sleep studies usually quantify obstructive respira- 
tory events without recording sleep. They typically include 
the measurement of oronasal airflow, chest wall and 
abdorninal effort, ECG and oxygen saturation (Spc^). In 
addition, leg and eye movement, body position, and snoring 
may be recorded. The systems are usually portable and can be 
used at home. The potential advantages of these systems are 
that they are cheaper, less labour and time intensive, and 
technically less challenging. The main disadvantage is that 
the lack of sleep recording leads to uncertainty when 
deciding if respiratory events occur during wakefulness or 
sleep. Surrogates of sleep such as motion detectors 73 and 
static beds 75 attempt to estimate times of wakefulness but are 
poorly validated and do not appear to improve sensitivity or 
spedfidty." Furthermore, the study by Douglas et 
suggests that documentation of sleep does not affect the 



final diagnosis. Generally, there is good correlation between 
the AHI obtained from limited channel devices and PSG. 74 
The sensitivities and specificities of limited in-laboratory 
devices are 82-94% and 82-100%, respectively. 75 76 A sys- 
tematic review in 1997 conduded that full PSG may not be 
necessary to diagnose OSAHS and that limited in-laboratory 
cardiorespiratory studies in patients with a dinical suspidon 
of OSAHS may suffice. 77 

Newer techniques 

The effects of the large intrapleural pressure swings during 
obstructive respiratory events on the autonomic nervous 
system, pulse, and blood pressure have given rise to the 
development of newer non-invasive techniques to measure 
apnoea or hypopnoea. 

Indirect measurement of peripheral vasoconstriction and 
transient tachycardia through a finger plethysmography 
analysis of very low frequency components of heart rate 
variability, 7 * and the measurement of the change of pulse 
transit time 80 during apnoeas have revealed promising 
results. Furthermore, pulse transit time can be used to 
differentiate between obstructive and central events 

Pulse oximetry 

Transcutaneous nocturnal pulse oximetry is increasingly 
being used for initial screening for OSAHS as it is inexpensive 
and can be simply applied and interpreted. 47 Oxygen 
de saturations are common with obstructive apnoeas but 
can be absent with hypopnoeas or in events with increased 
upper airway resistance. They also occur frequently in other 
cardiovascular and respiratory conditions unrelated to airway 
obstruction, resulting in false positive results. The parameters 
reported vary widely but indude total number of desatura- 
tions, oxygen desaturation index (ODI), desaturations per 
hour, highest, lowest and mean Spo 2 , and cumulative time 
Spoz spent bdow 90%. A 4% desaturation is most commonly 
considered to be significant, but 3% and 5% desaturations are 
also used. As with the AHI criteria, there is no consensus as 
to the ODI which represents a normal or abnormal result but 
commonly used thresholds are ODI >5, >10, and >15. 
Nocturnal artefacts, inaccurate readings in obese patients, 
and the presence of hypotension and haemoglobin abnorm- 
alities can limit the accuracy of the results. Devices with low 
sampling rates, used in some home pulse oximeters to 
preserve memory, can significantly underestimate oxygen 
dips." Furthermore, it is important for there to be a visual 
print out of the oximeter trace; artefacts are more easily seen 
and the pattern of oximetry may indicate that the calculated 
AHI may be an underestimate-— for instance, if the patient 
did not sleep for a period of the night. 

The sensitivity of nocturnal pulse oximetry in the diagnosis 
of OSAHS ranges from 31% to 98% and specificity from 41% 
to 100%. This wide range of reported sensitivities and 
specifidties results from the great diversity in criteria 
definition, populations studied, and devices used.* 5 In the 
study by Douglas et a! 66% of patients with OSAHS could be 
diagnosed with oximetry alone, but many of the patients 
undiagnosed by oximetry had moderately severe OSAHS and 
benefited from treatment.* 7 Nocturnal pulse oximetry per- 
formed prospectrvdy in 275 patients suspected of OSAHS in 
the laboratory and compared with full PSG reported 
sensitivities of 80%, 71% and 63% and spedfidties of 89%, 
93% and 99% for ODIs of >5, >10, and > 15, respectivdy. a * 
The authors argued that the number of full PSG recordings 
could be reduced by up to 50% using nocturnal pulse 
oximetry. 

Pulse oximetry is probably most useful in patients with a 
high suspidon for OSAHS based on dinical features." * u 
The combination of a high ODI and high pretest clinical 
suspidon can be regarded as suffident to make a diagnosis of 
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OSAHS. Patients with suspected OSAHS who have a negative 
pulse oximetry trace or have significant concurrent respira- 
tory or cardiovascular disease need further investigation.* 7 It 
may also be useful in excluding sleep apnoea in snorers with 
a low clinical suspicion for OSAHS.* 7 The 4% dip rate has 
been shown to be the best oximetry derived variable 
predicting symptomatic benefit from CPAP." 

CONCLUSION 

Hie history and exarnination are key to making the diagnosis 
of OSAHS and are sometimes overlooked in the debate about 
which technology is most appropriate. The history should be 
targeted towards making the diagnosis, but also assessing 
disease severity, the impact on social and occupational 
function, as well as on the patient's quality of life. The 
presence of significant cardiovascular, respiratory, and 
neurological co-morbidity should also be determined. This 
assessment should include the bed partner's report whenever 
possible. In a significant proportion of patients the diagnosis 
can be made by oximetry alone, and in most of the remainder 
by limited PSG although close attention needs to be given to 
the parameters recorded and the instruments used. Full PSG 
remains useful in research and for occasional patients who 
cannot be diagnosed using the simpler strategies. The future 
lies in the development of less intrusive systems to identify 
accurately those patients most likely to benefit from 
treatment. 



Authors 7 affiliations 

D Schlosshan, M W Elliott, Department of Respiratory Medicine, St 
James's University Hospital, Leeds LS9 7TF, UK 



REFERENCES 

1 Phitnpson EA. Sleep apnea-a major public health problem. N Engl J Med 
1993;328:1271-3. 

2 Ohcryon MM, Gutlleminault C, Priest RG, eta!. Snoring and breathing pauses 
- during sleep: telephone interview survey of a United Kingdom population 

sample. BMJ 1997;314:860-3. 

3 Young T, Evans U Finn L, ef a/. Estimation of toe clinically efiagnosed 
proportion of sleep apnea syndrome in middle-aged men and women. Sleep 
1997;20:705-6. 

4 Stores G, Crawford C Medical student education in steep and its disorders. 
J R Coll Physicians Land 1998;32:149-53. 

5 Strohl KP, Redfcne S. Recognition of obstructive sleep apnea. Am J Respir Crit 
Core Med 1996;154:279-89. 

6 Kcpur Y, Blough DK, Sandblom RE, ef a/. The medical cost of undiagnosed 
deep apnea. Seep 1999;22:749-55. 

7 findtey U Urrveraogt M, Guchu R, ef o/. Vigilance and automobile accidents 
in patients wOh sleep apnea or rwicotepsy. OW 1995;108:619-24. 

8 Rodenstein DO. Sleep apnoea syndrome: the heath economics point of view. 
Monoid} Arch Ghesf Dis 2000;55:404-1 0. 

9 Day R, Gerhardrfein R, Uimtey A, efo/.The behavioral morbidity of 
obstructive sleep apnea. Prog CWwvosc Dis 1 999;41 :341 -54. 

10 Young T, Pafra M, Dempsey J, ef a/. The occurrence of steep-disoidered 
breathing among rnkiaCaged adults. N Engl J Med 1993;328:1230-5. 

1 1 Jones TM, Swift AC Snoring: recent developments. Hasp Med 
2000;61:330-5. 

12 Whyte KF, Allen MB, Jeffrey AA eta/. Clinical features of me steep apnoea/ 
hypopnoeo syndrome. QJMed 1989;72:659-66. 

13 Hemons VW, VVhitelow VVA, Brant R, ef erf. likelihood ratios for a sleep 
apnea ctntcal prediction rule. Am J Respir Crit Care Med 
1994;150:1279-85. 

1 4 Vmer S, Szalai JP, Hoffstein V. Are history and physical examination a good 
screening test for sleep apnea? Ann intern Med 1991;115:356-9. 

15 Hoffstein V, Matetka 5, Anderson D. Snoring: is it in the ear of tr» bdrolder? 
Sleep 1994;17:522-6. 

16 Duron J, Esnaola S, Rubio R, ef a/. Obstructive sleep cprwo-hypopneo and 
related clinical features in a population-based sample of subjects aged 30 to 
70 vr. Am J Respir Crit Can Med 2001;163:685-9. 

17 Engleman HM, Hirst WS, Douglas NJ. Under reporting of sleepiness and 
driving impairment in patients with steep arjnoea/hypopnoea syndrome. 
J Sleep Res 1997,6:272^5. 

18 Johns MW. A new method for measuring daytime sleepiness: the Epworth 
sleepiness scale. Sleep 1 991;14:540-5. 

19 Kngshoft RN, Seme PJ, Engleman KM, ef a/. Self assessment of daytime 
sleepiness: patent versus partner. Thorax 1 995^0:994-5. 

20 Steep-related breathing disorders in adults: recommendations for syndrome 
definition and measurement techniques in clinical research. The report of an 
American Academy of Sleep Medicine Task Force. Sleep 1999;22:667-89. 



21 Carsicodon MA, Dement WQ MiHer MM, ef ci Guidelines for the mubiple 
sleep latency test (MSIT): a standard measure of sleepiness. Sleep 
1986;9:519-24. 

22 Songal RE, Thomas l» MHter MM. Maintenance of wakefulness test and 
multiple sleep latency test. Chest 1992;101:898-90Z 

23 Bennett IS, Srradling JR, Davies RJ. A behavioural test to assess daytime 
sleepiness in obstructive sleep opnoea. J Sleep Res 1997,6:142-5. 

24 Haporok EF, Smith PI* Meyers DA, et a/. Evaluation of sleep-cSsordered 
breathing. Is porysorimography necessary? Am J Med 1 984;77:671-7. 

25 Young T, Hufton R. Finn L, ef a/. The gender bias in steep apnea diagnosis. 
Are women missed because sbey have different symptoms? Arch Intern Med 
1996;156:2445-51. 

26 Rodline S, Kump K, Tishler PV, et oL Gender differences in sleep disordered 
breathing in a community-based sample. Am J Respir Crit Can Med 
1994;149:722-6. 

27 Smith R, Ronald J, DeJarve K, et ol What ore obstnjerive sleep apnea patients 
being treated for prior to this diagnosis? Chest 2002;121:164-72. 

28 Ing AJ, Ngu MC, Bresfin AB. Obstructive sleep apnea and gastroesophageal 
reflux. Am J Med 2000;l08(Supp) 4a):120-5S. 

29 Kerr P,ShoenutJP, Milter T,e^ 
reflux in obstructive steep apnea syndrome. Chest 1992,101:1539 

30 Pepperefl JC, Rcmxfossingh-Dcrw S. Grtfmwaite N, ef a!. Ambulatory blood 
pressure after therapeutic and subtherapeutic nasal continuous positive 
airway pressure for obstructive steep apnoea: a randomised parallel trial 
Lancef 2002;359:204-10. 

31 Rnjagopd Kft, Abbrecht PH, Derderion SS, et a/. Obstructive steep apnea in 
hyiX)iryro(dism. Ann Intern Med 1984;101:491-4. 

32 Grunstein RR, HoKK, Sufl'rvan CE. Effect of octreotide, a sc*r*itosfatin 
analog, on sleep apnea in patients with acromegaly* A™ 1 Jntem 
1994;121:478-83. 

33 Skomro RP, Kryger MH. Chrocal presentations of obstructive steep apnea 
syndrome. Prog Cardiovast Dis 1999;41:331-40. 

34 Strohl KP, Red line S. Recognition of obstructive sleep apnea. Am J Respir Crit 
Care Med 1 996; 154:279-89. 

35 Hoffstein V, Szalai JP. Predictive value of clinical features in diagnosing 
obstructive steep apnea. Sleep 1993;16:118-22. 

36 Kapuraai If, Andrew DJ, Crawell DH, ef ol. Identifying steep apnea from 
sefreports. Sleep 1 988;1 1 ^30-6. 

37 Young T, Sbahar E, hfieto FJ, et ol. Predictors of sleep^sctfdened beaming 
in community-oWling odub: lie Sleep Heart Health Study. Arch Intern Med 
2002;162:893-900. 

38 flemora WW, Tsci W. Quafcty of life consequences of sleep-disordered 
breathing. J Allergy Ctm Immunol 1 997;99:S750-6. 

39 Moisfin G, Pad Al, Kribbs NB, etaiA survey screen for prediction of apnea. 
Steep 1995;18:158-66. 

40 Mortimore II, Marshall i. Wraith PK, etal. Neck and total bocry fat deposition 
in nonobese and obese patients with sleep apnea ©amparedwim mat in 
control subjects. Am J Respir Crit Care Med 1 998; 157:280-3. 

41 Strodlmg ^ Crosby JH. Predktc^ 

apnoea and snaring in 1001 middle aged men. ihorax 1991;46:85-90. 

42 Schwab RJ. Upper airway imaging, din Chest Med 1998,19:33-54. 

43 Rowley JA, Aboussouan LS, Bcdr MS. Irie use of cCnical prediction formulas 
in the evaluation ol obstructive sleep apnea Steep 2000^23:929-38. 

44 Harding SM. Prediction formulae for sleep^sordered breaming. CurrOpin 
Puhn Med 2001;7:381-5. 

45 Chesson AL Jr, Ferber RA, Fry JM, et a/. Trie indications for 
por/somrwgraphy and related procedures. Sleep 1 997/20:423-87. 

46 Rodline S, Kapur VK, Sanders MH, ef ci Effects of varying approaches for 
identifying respiratory disturbances on sleep apnea assessment. Am J Respir 
CritCare Med 2000;161:369-74. 

47 Bennett JA, Kinncar WJ. Sleep on she cheap: the role of owmight oximetry 
in die diagnosis ol steep apnoea hypopnoea syndrome. Tnorax 
1999;54:958-9. 

48 RecSine S, Sanders M. A quagmire for dnicians: when tecfmoleoscal 
advances erased ctnicol Itnowfedge. Thorax 1999^4:474-5. 

49 StrocGing JR, Davies RJ, Pitson DJ. New approaches to monitoring sleep- 
retoted breaming disorders. Sleep 1996: 19(9 SupplHS77-84. 

50 Guafeminauh C, Stoohs R, derk A, e/oi. A couse of excessive daytime 
sleepiness. The upper airway resistance syndrome. Chesf 1993;! 0478 1-7. 

51 GualeminauH C, Chowdhuri S. Upper airway resistance syndrome is a 
distinct syndrome. Am J Respir Qit Care Med 2000;1 61 :1412-3. 

52 Douglas NJ. Upper airway resistance syndrome is not a distinct syndrome. 
Am J Respir Crit Care Med 2000;161:1413-6. 

53 ChecTiQfcAD,AcevecV><r^ 

indices ol sleep^isordered beaming in men being evaluated for impotence 
with consecutive night poJvsomriograms. Steep 1996,19:589-92. 

54 littner M. Porysomnograprry in the awgnosis of me obstructive steep cprieo- 
hypopnoa syndrome: where do we draw the fine? Chest 2000,11 8:286-8. 

55 Le Bon O, Hoffmann G, Tecco J, et erf. Mild to moderate sleep respiratory 
events: one negative night may not be enough. CW 2000;118:353-9. 

56 Berg S, Hdght JS, Yap V, eta/. Comparison of direct and inosred 
measurements of respiratory airflow: implications tor hypopneas. Steep 
1997,-2a60-4. 

57 Series F, Marc L Nasal pressure recording in tne dioanosis of steep opnoeo 
hypopnoea syndrome. Tnorax 1999;54:506-10. 

58 MttttserratJM, Farre R, Ballester E, ef a/. EvoJuation of nasal prongs for 
estimating nasal flow. Am J Respir Cr& Core Med 1 997; 155:21 1-5. 

59 Thumheer R, XJe X, Bloch KE. Accurocy of nasd cannula p 
for assessment of ventilation during steep. Am J Respir < 
2001;164:1914-9. 



vvv/w.tjiorwjnl.corn 



352 



Schlosshan, Elliott 



60 BaBester E, Badia JR, Hernandez U ef at Nasal prongs in the detection of 
sleep-related disordered breathing in the sleep apnoea/hypopnoeo 
synarome. Bur Respir J 1 998; 1 1 :880-3. 

61 CanfineoM JP, Escourrou P, Sortene R, ef ol. Accuracy of respiratory inductive 
olerhysmoaraphy during wakefulness and sleep in patients with obstructive 
Slfl^.cLflW02:114«1. t 

62 Whyte KF, Gugger M, Gould GA, era/. Accuracy of respiratorv inactive 
plerhysnograph in measuring tidal volume curing sleep. J Appi Physiol 
1991;71:1866-71. 

63 Rechtschaffen A, Kales A. A manual of standard terminology, techniques 
and scoring system for sleep stages of human subjects, h8H Publication No 
204 Be&esda: National Institute of Neurological Disease and Blindness, 

IW* . , „ . j. 

64 Bennett IS, Longford BA. Srradling JR, ef a/. Sleep fragrnentation indices as 
predictors of daytime sleepiness and nCPAP response in obstructive deep 
apnea. Am J Respir Crit Cars Med 1998:158:778-86. 

65 Stradling JR, Barbour Q Glennon J, ef a/. Prevalence of sleepiness and its 
relation to autonomic evidence of arousak and increased .inspiratory ettort m 
a community based population of men and women. J Sleep Res 
2000;9:381-8. 

66 OnVwan MJ, Murray A, Griffiths CI. ef of. Interobserver vanabiHy in 
recognizing arousal in respiratory sleep disorders. Am J Respir Crit Care 
Medl998;158:35&-©2. 

67 Douglas NJ, Thomas S ( Jan MA. Clinical value of porysorrtfK>graphy. lancet 
1992;339:347-50. f , . , . 

68 Brooahton R, Fleming J, Fleethcm J. Home assessment ol sleep disorders by 
portable monitoring. J dm Nevrophysiol 1996;13:272-84. 

69 Whm^ALRnchSP^Morfmore lL ef at Use ol kxr» jdeep srua^ tor 
diagnosis of the sleep apnoea/hypopnoea syndrome. Thorax 
1997;52:1068-73. , , ^ . , , 

70 Quan SF, Howard BY. Iber C, ef a/. The Sleep Heart Health Study: design, 
rationale, and methods. Sleep 1 997;20: 1077-85. 

71 Portier F, Portmann A, Cxernichow P. ef at EvaruaHon of home versus 
laboratory por/somnogrcphy in the diagnosis of sleep apnea syndrome. 
Am J Respir Crit Care Med 2000; 162:814-8. 

72 Wdae&oop HA, Knuistingh NA, von Hiften JJ, ef at Y/rist ad' 
assessment of sleep in 1 16 community based subjects suspedr 
obstructive sleep apnoea syndrome. Thorax 1995;50:284-9. 

73 Svanborg E, Larsson H, C^Hsson-Nordlander B, ef a/. A limited diagnostic 
investigation for obstructive sleep apnea synaVome, Oximetry and static 
charge sensitive bed. Chest 1990;98:1341-5. 

74 Verse T, Pirsig W, Junc^-HuUina B, ef o7. Validation of the POLY-MHSAM 
seven-channel ari^latory recording unit. Chest 2000; 117: 1 61 3-<B. 

75 Uoberes P, Montserrat JM, Ascoso A, ef a/. Comparison of partial^ attencW 
night time respiratory recordings and full polysomnography in patients with 
suspected sleep apooea/rr/popnoea syndrome. 7horax 1996;51:1043-7. 

76 Carra*cd O. Montserrat JM, LJoberes P, et at. Visual and different automatic 
scoring profiles of respiratory variables in the diagnosis of sleep opnoea- 
hypopnoea sywJrome. Eur Respir J 1 996,-9: 1 25-30. 

77 Row ST), Sheinhoit IA, Harrison 10, ef a/. Systematic review and meto- 
crolyjU of the firmature regarding the cfiognosis of sleep apnea. Seep 
2000;23:519-32. 

78 Schnall RP, ShSmer A, Sherry J, ef at Periodic, profound peripheral 
vasoconstriction--a new marker of obstructive steep apnea. Sleep 
1999,-22:939-46. t , , 

79 Shiami T, Guillerhinauft C, Sasanabe R, ef ol Augrnented very low rrequency 
component of heart rate variability during obstructive sleep apnea. Steep 
1996;19:370-7. 



80 Smlmlu* ArsodJ,IWnJ,efo*^ 
dinical appkations. Thorax 1999;54:452-8. 

81 Argod J, Pepin A, levy P. DirTefenriating Destructive and central sleep ^ 
respiratory events through pulse transit time. Am J Respir Cnt Care Med 
1998;158:1778-83. u * ± 

82 Wiltshire N, Kendrick AH, Catterail JR. Home oximetry studies for cfiognos.s 
of sleep cpnea/hypopnea syndrome: limitation of memory storage 
capabSfies. CfW 2001;120:384-9. , _ , 

83 Ncteer N, Eliasson AH, Neteer C, ef at Oremight pube oximetry for sleep- 
disordered breaking in adub: a review, ttest 2001;120:625-33. 

84 Chiner E, Sipjws^osta J, Am 

dioqnosis ofthe sleep apnoea hypopnoea syndrome: a method to reduce the 
rumberofpotysom^ Thorax 1999^54:968^71. 

85 Gofpe R, Jimenez A, Corpizo R, ef a/. Utility of home o»roerry as a screening 
test tor patients with rtwderate to severe symptoms of obstructive sleep 

86 [y^n^^M^o^m^/Viedit^e value of dWaJ features for the 
obstructive sleep apnoea syndrome. Cur Respir J 1996;9:1 17-24 

87 Rauscher H. Popp W # Zwick H. Model for investigating snorers wifc 
suspected sleep apnoea. Tnorax 1993^8:275^9. 

88 ChoiS,Beruiettt5,Mulins^efa/.Wfo^ 

best predicts symptomatic response to nasal continuous positive airway 
pressure in patients with obstructive sleep apnoea? Respir Med 
2000;94:895-9. . 

89 Leung RS, Bradley TO. Sleep apnea end carcfiovasewbr disease. Am J Respir 
Off Oire Med 2001;164:2147-65. 

90 Noegete B, Thouvard V, Pepin JL, ef a/. Deficits of cognitive executive 
functions in patients with sleep apnea syndrome. Sleep 1995,1 8:43-52. 

91 Mohscnin Y. Sleep-related rjrealhing disorders and rvsk of stroke. Stroke 
2001;32:1271-8. m . 

92 Dyken M, Somers V, Ymada T, ef at Investigating the refohonsrup between 
stroke and obstructive sleep apnoea. Stroke 1996;27:401-7. 

93 loh NK, Dinner D5, Fofefvary N, ef a/. Do patients with obstruchve sleep 
apnea wake up with rMsafoches? Arch intern Med 1999;159:1765-3. 

94 Leadsman JA, Hillman DR. Anaesthesia and sleep opnoea. Br J Anaesth 
2001;86:254-66. , ^ , , 

95 Mehta Y, Manilcoppa S, Juneja R, ef a/. Obstrudrye sleep apnea^rane: 
anesthetic indications in the cardiac surgical patient. J Ccirdtotharac Vase 
Anesth 2000;14:449-53. . t , , . . 

96 YanwdaA r KarrwfaM,lkezoeK,efaf. AoaM . 
hypcwentilation syndrome associated with cerebral infarction. No To Shnkei 
(Bruin & Nerve) 1993;45:27>o. ■ 

97 Rosenow F, McCarthy V, Caruso AC Steep apnoea in encfoenne diseases. 
J Sleep Res 1'998;7:3-1 1 . , ^ , JCKfT ,. . 

98 Rombaux P, Bertrond B, Boudewvns A, ef at Srcw>dard B^T dmicd 
evaluation of the sleep^isondered breamingjxrtienf; a consensus report. 
Ada Otorh'nolarytvdBelg 2002;56:127-37. \ 

99 Carlson ST, Hedner I, Fagenbeng B, ef of. Secondary P 0 ^™^ 10 
associated with nocturnal apnoea --a relationship not mediated by 
erymropoietin? J Intern Med 1 992*31 :381-7. 

100 Uam (X Cor pulmonale due to obstructive sleep opnoea. Med J A4afays/a 
1993;48:347-50. 

101 SchiiaderJ,Reckf/MN, HefWJE,ef a^^ . 
moriogement dilemmas: obsrrudive steep apnea and respiratory failure, 
dwsf 1999;116:1786-93. _ . , 

102 Sturani C, GalavotH V, Soarduelli C, ef at. Acute re*«rxrtory faibre, aue to 
severe obstructive sleep apnoea syndrome, mcrnaged with nosd positive 
pressure ventilation. MonaJal A«n Oiesf CXs 1 994^9:558-60. 



www.rfwrcixjnl.oom 



Revised 



Page! of 1 

510(k) Number (if known!: K011723 
Device Name: Anti-Snoring Device 

Indications For Use: 



The Anti-Snoring Device is intended for use in stiffening the 
soft palate tissue which may reduce the severity of snoring 
in some individuals. 



Concurrence of CDRH, Office of Device Evaluation (ODE) 



(Division Sign-Off) 
Division of Anesthesiology, General Hospital, 
Infection Control, Dental Devices 

510(k)Nun*er_ 



Indications for Use 



Page 1 of 1 



Indications for Use 

510(k) Number (If known): K040417 

Device Name: Pf Hffr w BakUl if"P'*nt System 

Indications for Use: The Pillar™ Palatal Implant System is intended for the reduction of the incidence 
of airway obstructions in patients suffering from mild to moderate OS A 
(Obstructive Sleep Apnea). 



Prescription Use AND/OR Over-The-Counter Use. 



(Part21^80llubi^rtD) AND/OR (21 CPR 807 Subpart Q 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE OF NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 



Infection Control Dental Deuces 

in*—. 



The Larynqoacope 

Libbincott Wflli«ta» & Wilkiiu, Inc., Philadelphia 
O 2002 The American LarytjgoIogkaL 
Rhinological and Otological SocietyTuic. 

Radiofrequency Ablation for the Treatment 
of Mild to Moderate Obstructive Sleep 
Apnea 

Marc Bernard Blumen, MD; Serge Dahan, MD; Bernard Fleury, MD; Chantal Hauaaer-Hauw, MD; 
Frederic Chabolle, MD 




Obj^cfU^Hypothesis: Obstructive deep apnea syn- 
drome is due to pharyngeal obstructions, which can 
take place at the level of the soft palate- Temperature- 
controlled rttdiofrx*|uency ablation has been intro- 
duced as being capable of reducing soft tissue volume 
and excessive compliance. The aim of the study was 
to evaluate prospectively the possible efficacy of 
temperature-controlled radiofrequency ablation 
applied to the soft palate in subjects with mild to raod- 
erate obstructive sleep apnea syndrome* Study Design: 
Twenty-nine pattentsidfth a respiratory disturbance in- 
dex between 10 adggdu events per hour, body mass index 
equal to or less jBlk "~ ' ■ *"~~ — — - — ^ — _ 
level of the soft 
tive 

time sleepiness ^ 

(maximum of three sessions) wasla^continued ^ 
the bed partner was satisfied with the snoring level A 
full night recording was performed at least 4 months 
after the last treatment* Remit*: Mean snoring level de- 
creased significantly from 84±l£to&S±2£ona 
visual analogue scale (0-10). Daytime sleepiness de- 
creased nonsigiiificaTitSy* Mean respiratory disturbance 
index decreased significantly from l&O at 6.1 events per 
hour to &8 ± &6 events per hour. Mean lowest oxygen 
saturation value increased nonsignificantly from 
85.3% ± 4.1% to 66 A% ± 4.4%. Of the patients t 65.5% 
were cured of their disease. Cone Unions: Temperature- 
controlled radiofrequency ablation was effective in se- 
lected patients with mild to moderate obstructive sleep 
Apnea syndrome* A full-night polysomnography is re- 
quired after completion of treatment to rule out resid- 
ual disease. Key Words: Snoring, obstructive steep ap- 
nea syndrome, radiofrequency ablation, soft pala te, 
treatment 
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INTRODUCTION 

Obstructive sleep apnea syndrome (OSAS) is present 
in 2% to 4% of the general population. 1 It is associated 
with excessive daytime sleepiness, snoring, and cardiovas- 
cular complications. Obstructive events occur at the level 
of the pharynx. Obstructions can be diffuse or localized 
either at the retrolingual site or the retropalatal level. 
They are due to excessive tissue in a normal skeletal "box,* 
normal-sized tissue in a small squelettal "box," or pres- 
ence of tissue with excessive compliance. 

Several surgical treatments have been advocated to 

lobfd, treating the diffuse 
advancement, or more spe- 
or base of tongue. Uvulo- 
? «X 8*m?PteW^19& since 1981 3 and laser assisted- 
uvulopaiatOpharjSgoplasty OATJP) since 1994 a have been 
proposed to treat excessive soft tissue at the level of the 
soft palate. In 1998. Powell et aL 4 described a new tech- 
nique using temperature-controlled radiofrequency 
(TCRF) waves to reduce volume and rigidify it (somno- 
plasty). Whan TCRF ablation was applied to the soft pal- 
ate, there were no severe adverse effects and the uvula's 
length was reduced Several other authors have shown 
that somnoplasty applied to the soft palate of patients 
with simple snoring, upper airway resistance syndrome, 
or mild sleep apnea syndroms (with a respiratory distur- 
bance index [RDI] <15) could reduce snoring, respiratory 
efforts, and daytime sleepiness. 4,6 These two studies failed 
to demonstrate a significant reduction in the number of 
obstructive events. 

Patients with OSAS caused by excessive compliance 
or tissue hypertrophy, or both, may benefit from radiofre- 
quency ablation. The aim of our study was to evaluate a 
possible efficacy of radiofrequency ablation with thermal 
control on selected patients with OSAS on a short-term 
basis. 

PATIENTS AND METHODS 

Wo conducted a pilot, proapective, nonrandomized study at 
Foch Hoapital (Suraanea, Prance) from OctoW 1998 to March 
2001, Patienta were phyaician-referred or self-referred to the 
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medical center's otolaryngology clinic. All patients were Backing 
treatment far habitual snoring or sleep apnea. Patients answered 
a standard questionnaire including age, sex, weight, height, med- 
ical history and paBt surgery, habitual smoking, er alcohol con- 
sumption. A complete otolaryngological examination was per- 
formed, including a fiberoptic phaiyngosoopy with and without 
Mdller maneuver. A sleep study was requested for all patients, 
either a full polysomnography (level I or II) or a cardiorespiratory 
recording (level III). Patients who had none (probable simple 
snoring) or all of the following signs of probable severe sleep 
apnea syndrome (habitual snoring, daytime sleepiness, apnea 
witnessed by the bed partner, history of cardiovascular disease, 
and morbid obesity) were a**e&t*?d by level HI recordings. The 
other patients were assessed with level I or II polysomnography. 

Polysomnography Methods 

Level I polysomnography is defined as a lull polysomno- 
graphic study in the hospital sleep laboratory. Level II polysom- 
nography is defined as a full polysomnography study that was 
performed in an ambulatory setting. Both consisted of recordings 
of electroencephalogram (C3/A2 and 02/Al electrodes of the in- 
ternational electrode placement system), electro-oculograiri, chin 
electro myogram, and electrocardiogram. Respiration was moni- 
tored by nasal and buccal thermistors until 1999, than with a 
pneumotachograph for some polysomnography studies. Airflow 
and thoracoabdominal movements were monitored to distinguish 
between central and obstructive breathing disorders. Oxygen sat- 
uration was recorded by means of pulse oximetry. Level HI poly- 
somnography is an ambulatory study measuring nasal and oral 
airflow, chest wall impedance, oxygen saturation, and heart rate. 

An apneic event was defined as cessation of airflow for at 
least 10 seconds. A hypopneic event was denned as a decrease in 
airflow of greater tW KM^ associated with a drop m oxygen 
saturation greater tb3 3% aM/or a microarouaal (when level I or 
II polysomnography J 

for presence of anne fa iyponjMi^ftuMcharW^iD 1 
tion. Sleep-wake etc9anj£tto|RljS^re s1~ 
rophy level I and Il^mg previously ^ibHened data? 

Indications for treatment of mild uPmoderate t 

sleep apnea followed a specific decision tree. All patients were 
advised on behavior modifications Goes of weight, avoidance of 
tobacco or alcohol, anxiolytic consumption, or a combination of 
these), dental appliances, and continuous positive airway pres- 
sure. If these measures were refused or had been attempted 
previously, three surgical treatment options on the soft palate 
could be offered; TCRF ablation, LAUP, or uvulopalatopharyngo- 
plasty CUPPPl These surgical options were offered only if the 
patients fulfilled the following elements: an RDI between 10 and 
30 events per hour, airway obstruction visualized clinically and 
during the Muller maneuver primarily at the level of the soft 
palate, and no morbid obesity, as defined by a body mass index 
(BMI) greater than 30 kg/m* 

On a routine basis, recommendations were made by the 



physician toward one of the three treatment options based on the 
decision tree. Uvulopoiatopharyngoplasty was recommended in 
case of tonsil hypertrophy or a nasal obstruction linked to a septal 
deformation (or both). Laser assisted-uvulopalatopharyngopiasty 
was recommended in case of a long uvula, moderate tonsil hyper- 
trophy, or the presence of nasal obstruction linked to inferior 
turbinate hypertrophy (or a combination of these). Temperature- 
controlled radiofrequency ablation was recommended in case of 
absence of moderate to major tonsil hypertrophy or if nasal ob- 
struction linked to inferior turbinate hypertrophy was present (or 
both). The final therapeutical option was chosen after reviewing 
results, possible side effects, and complication rates of each of the 
treatment options with the patient Information consent Was 
obtained from each patient. 

The inclusion/exclusion criteria of the present study were 
ateringed and were as Follows: TCRF procedure on the soft palate 
alone, no or mild nasal obstruction complaint, no history of sur- 
gery on the soft palate, no active upper airway infection or blood 
coagulation abnormalities, and a follow-up clinical examination 
and sleep study. 

Procedures and Postoperative Temperature- 
Controlled Radiofrequency Evaluation 

AH procedures ware performed by two physicians. Each 
patient received local anesthesia; Xylocaine was first sprayed on 
the tongue and oral cavity. After this, 2 to 10 mL 1% lidocaine 
with 1:100,000 epinephrine was injected at the sites of treatment. 
Hie procedures were performed in a surgical room in an ambu- 
latory mode. 

Somnoplaety Procedure 

The equipment used included, first, a 216 radiofrequency 
control unit (Sk>mnus Medical Technologies Inc., Sunnyvale, CA) 

[control unit (Somnue Medical 
sterile, single-use handpiece, 
riaqajptal length of 2.0 cm (with lem 
active .andXcm, msiHtSi). Two thermocouples, one at the tip of 
*at the insulation, continuously monitor 
temperature and impedance during electrode penetration and 
treatment A dispersive electrode was applied to the patient's 
back to return current to the control unit. 

Maximum power was set at 10 W. Maximum target tem- 
perature was 85*C. Three protocols using different levels of 
energy were successively used hi time: total energy per session 
of 1300 J with three lesions (protocol 1, from October 1998 to 
December 1998), 2800 J with four lesions (protocol 2, front 
January 1909 to June 1999) and 2100 J with three lesions 
(protocol 3 t from July 1999 to December 2000) (Fig. 1). The last 
polysomnography studies were performed in March 2001. Lev- 
els of energy were not based on the soft palate aspect (thick- 
ness, length of the uvula). They were part of a search for the 
appropriate level of energy. 



F»g, 1. Three protocols with different 
total onergle© per session: (A) 1300 J, (B) 
280U J, and (C) 2100 J. 
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Knergy delivery dnrir»£ the wwian waa stopped if pain or 
blanching of the mucosa occurred. The precise energy delivered 
was recorded. No UTulectomiee were performed. 

A soft diet was recommended for 2 days after treatment. 
Paracetamol waa prescribed in case of discomfort or pain. Ste- 
roids (prednisone, 20 mg/tablet) were prescribed at the doaage of 
1 mg/kg for 1 day or more if "a swelling sensation in the back of 
the throat* was noted. 



Evaluation 

Evaluation of efficacy of somnoplasty was assessed subjec- 
tively by the patient and the patient's bed partner and objectively 
by a polysomnographic study Gevel I, II, or III). 

Sufy'ectio* evaluation. The bed partner evaluated the 
snoring volume on a viauai analogue scale (VAS) ranging 1 from 0 
(no snoring) to 10 (snoring loud enough to be heard from another 
room or the bed partner haa to leave the room to sleep else- 
where), 4 On the VAS, level* of 1 to 3 were considered loud respi- 
ration; 4 to 6. moderate snoring; 7 to 8, loud snoring; and 9 or JO, 
very loud snoring. Satisfaction of the bed partner was also 
sed, 

Sent evaluated his or her somnolence on the 
dardized Epworth Sleepiness scale. Absence of daytime sleepv 
neaa waa defined as a score equal to or leea than 6. 

"Subjective evaluation of snoring and sleepiness using the 
same scales took place before treatment and was scheduled for 6 
to 8 weeka after each treatment session, A clinical examination of 
the soft palate was performed 6 to 8 weeks after the treatment 
cession, determining the presence of any mucosaVuvula lesions. 
This examination could occur earlier if the patient felt a severe 
pam despite analgesic intake for more than 2 days. 

Otywtive e^xjgp^o^^spii^tory parameters (apnea and 
hypopnea index, minSum ttPften saturation) were assessed by a 
level I, II, or III p&j 
took place at least 4 ! 
last treatment sees] 

when 1) the bed partner waa 'sattanecT wtthlthe snoring 
after TORP ablation, the snoring not bei^Khsturbing 
or 2) the bed partner was not satisfied with th* snoring volume 
after TCRF ablation and the patient wished to stop TCRF treat- 
ment or change to another treatment (LAUP). 

No more than three treatment sessions wore performed, 
with an interval of 6 to 8 weeks between each treatment seosion. 
The patients were advised that they would probably need two or 
three treatment sessions. 

The level of postoperative polysomnography (I, JX, or III) 
was chosen regarding the success on snaring and daytime sleep- 
iness. If treatment was effective on snoring but not on somno- 
lence, a level I or II polysomnography study was prescribed; 
nevertheless, if level I or II polysomnography was not available at 
the moment of necessary recording, a level HI porysomnographic 
study was performed. 



appreciate the relationship between different parameters. A P 
value less than .05 was considered significant 

RESULTS 

One hundred fifty-five patient* with obstructive sleep 
apnea fulfilled our criteria of a possible surgical procedure 
on the soft palate and accepted to go to "surgery * Forty- 
seven patients elected to undergo UPPP; 30 patients, 
LAUP; and 78 patients, TCRF. Among the 78 patients, 37 
did not come hack after the first treatment session or for a 
second treatment session. Forty-three patients had a full 
course of treatment (i.e., were evaluated clinically after 
the last treatment session as we defined it previously). 
Four of them had a simultaneous treatment at two sites: 
soft palate and inferior turbinates. They were not included 
in the study. 

Twenty-nine patients (26 males and 3 female pa- 
tients) completed the study clinically and with post- 
treatment polysomnography. Mean clinical and polysom- 
nographic follow-up times, respectively, were 11.0 £ 4.7 
weeks and 8.5 ± 3.8 months after the last procedure. 
Mean age and BMT were 57.4 ± 9.2 years and 25.7 t 2.7 
kg/m 2 , respectively. 

Two patients were treated with protocol 1, 11 with 
protocol 2, and 16 with protocol 3. Mean number of ses- 
sions was, in protocol 1, 2.5 ± 0.7; in protocol 2, 2.0 ± 0.6; 
and in protocol 3, 2.1 ± 0.7. Mean total energy delivery per 
session was, in protocol 1, 1387 ± 62 J; in protocol 2, 2719 
± 106 J; and in protocol 3, 2170 ± 100 J. Mean BMI after 
TCRF ablation waa not significantly different from base- 
line CP - .5). Results are presented pooled in terms of 

small number of patients 




mi? level decrease* 



F0 



Criteria for Success and Statistical Analysis 

Success on snoring was defined by a final enoring score on 
VAS of 3 or less and a satisfied bed partner. Improvement was 
defined m a final enoring volume lower than preoperative. 

Cure of sleep apnea was defined as an KDI below 10 events 
per hour. Temperature-controlled radiofrequoncy waa considered 
an effective treatment if the KDI after TCRF ablation waa lass 
than 20 events per hour with a reduction greater than 50% from 
the baseline RDL 

All results are expressed as the mean ± 8D. Data were 
analyzed (Statview for Windows, veririon 6.0, SAS Institute Inc.) 
using a Student paired t test. Linear regression was used to 
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i of the patients (28 of 29). 
ita did snoring got worse. Mean snor- 
ing level decreaaecTsignificantly from 8.6 ± 1,3 to 3.3 ± 2.6 
(P <.0001), and 86.2% of the bed partners were satisfied. 
Success of the treatment on snoring based on a VAS score 
of 3 or less and a satisfied bed partner was 66.5%. 

Daytime sleepiness based on Epworth Sleepiness 
scale score improved in 62.1% of the patients (18 of 29). 
Mean Epworth Sleepiness scale score decreased nonaig- 
nificantly from 7.3 £ 3.6 to 6.3 ± 3.9 (P = .IS). Daytime 
sleepiness with an Epworth Sleepiness scale score greater 
than 10 waa found in 20.7% (6 of 29) of the patients. 

The level of polysomnography before or after TCRF 
ablation did not seem to influence the outcome. The level 
of polysomnography before or after TCRF ablation for 
each patient is shown in Figure 2. 

Mean apnea and hypopnea indexes before and after 
TCRF ablation are shown in Figure 3. The RDI values for 
the 29 patients before and after TCRF ablation are shown 
in Figure 2. Respiratory disturbance index values im- 
proved in 86.2% of Hie patients (25 of 29); in 13.8% (4 of 
29) of the patients RDI values got worse. Mean RDI de- 
creased from 19.0 as 6.0 events per hour to 9.8 ± 8.6 events 
per hour (P <.000l). Obstructive sleep apnea syndrome 
was cured in 66.6% of the patients (19 of 29). Treatment 
waa effective in 65.5% of the patients (19 of 29). 

Among the 19 patients who were cured, 4 patients 
remained sleepy according to their Epworth Sleepiness 

Blumen et aJ.: Obstructive Sleep Apnea Syndrome 




■ Pre TCRF RDI 
B Post TCRF RDI 



I 2 3 4 5 6 7 



8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 
Patients 



Fig. 2. Respiratory 
polysomnography, 



Indexes of total population before end after temperature-controlled radlofrequency ablation. (A) Level I or II 




scale soorea. Tin 

microarousala (2f5 ± 16.7 microarousal|/per hour o: 
on the polysomnography after TCRFablation, In one*?* 
tient, the abnormal level of micro arousals was related to 
periodic limb movements. In the other three patients, 
these micro arousals might have been related to limitation 
flow. Mean minimal oxygen saturation increased nonaig- 
nifieantly from BSA% ± 4.1% to 86.4 ± 4.4* (P - .35). 

No patients complained of any respiratory distress, 
hemorrhage, or cardiovascular complications in the post- 
operative period. Three soft palate perforations occurred 
in protocol 2, with spontaneous healing in two cases. The 
third patient had a persistent hole of 5 mm in diameter, 
which gave a whistling sound to his respiration during 
sleep. No uvula necrosis was observed, 

Body mass index, age, length of the uvula, thickness 
of the soft palate on clinical examination, dental class, 
Epworth Sleepiness scale score, snoring volume, and se- 
verity of OSAS by the RDI did not correlate with the 
outcome. 

DISCUSSION 

The main goal of the present study was to evaluate a 
possible efficacy of rediofirequency ablation with thermal 
control applied on the soft palate of selected patients with 
mild to moderate sleep apnea. The main finding of the 
present study is that in selected patients, TCRF ablation 
can significantly reduce the RDI in subjects with OSAS. 
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rh a significant decrease of 

le ^de^^ons of cure and success rate were taken 
from the international literature. In most of the sleep 
institutions, OSAS is defined by an RDI greater than 10 
events per hour. Therefore, cure of OSAS occutb when the 
patient's RDI is less than 10. Most of the reports have 
defined "success" as a reduction of preoperative RDI of 
more than 60% and a postoperative RDI leas than 20. 9 The 
term "success* being closer to the term "cure," we chose to 
define this state as the treatment efficacy. 

Uvulopalatopharyngoplaaty is the only soft palate 
surgical technique recommended by the American Sleep 
Disorders Association because of its demonstrated efficacy 
on OSAS. 10 In particular, the eflBcacy rate of UPPP was 
evaluated in the meta-analysis of Sher et aL 9 It was esti- 
mated to be 40.7%. Studies included in the meta-analysis 
of Sher et a]. 9 often aimed at efficacy and did not always 
take into account all the specific outcome predictive fac- 
tors. Indeed, in the meta-analysis of Sher et a], * as well as 
in other publications, several factors were shown to give 
poorer results, especially in subjects with higher BMI, 11 
nontreated sites of obstruction and severe OSAS, 11-15 

Although Sher et al * and other authors 1 *- 18 did not 
find any significant difference in BMI between UPPP suc- 
cess and failure, some authors, such as Chabolle et al., u 
showed that a BMI exceeding 27 kgfai 2 gave poorer re- 
sults. Indeed, obesity can be responsible for UPPP failures 
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Fig. 3. Apnea and hypopnea Indexes before and after temperature-controlled radtofrequency ablation, AI = apnea Index; HI =» hypopnea index. 



at^^not addressed by surgery: 




because of factors j 
promised respira 
compliance. 1 7 Fat 
Whan fat ia locat 
blebyUPPP. 

Site of obstruction can be assessS! by several rnel 
auch aa fiberoptic awake endoscopy with or without Mul- 
ler maneuver, airway manometry, asleep endoscopy with 
or without continuous positive airway pressure, or imag- 
ing. Although some technique* greatly improve UPPP out- 
come, they are difficult to nee in standard clinical prac- 
tice. 14 There is no universally validated method to 
determine precisely the site of obstruction. The methods 
recommended by Sher et aL* are fiberoptic endoscopy and 
lateral cephalometry. Lateral radiographic cephalomet- 
rics, although performed with the patient awake and 
seated upright, and best for bony structures and not for 
airway spaces or tissue volume, may give information 
regarding the site of obstruction. A retro lingual site of 
obstruction may be pointed out by a low position of the 
hyoid bone and by a narrowed posterior airway space 
secondary to a large tongue or retrognathia, A retrovelar 
site of obstruction could be pointed out by an increased 
uvula length. Millman et al la showed that a lower posi- 
tion of the hyoid bone and presence of retrognathia could 
greatly decrease the likelihood of a positive outcome, 
Woodson and Conley 1 * showed that in ratrognathic pa- 
tients, the presence of a small posterior airway space and 
position of the hyoid bone were negative outcome predic- 
tive factors. Doghramji et al. 1 * showed that success tended 
to be greater when uvula length was longer. 



It seems obvious that determination of the site of 

[ding a siteH9pecinc surgical 
showed that patients with 
(type I obstruction) had a 
JtfCftaa^atJgompared with 5.3% for patients with 
combined site of obstruction (tongue and soft palate 
[type II obstruction]) or a tongue base obstruction (type III 
obstruction}. Site of obstruction also deems to be linked to 
the number of obstructive events. Sher et al. 9 showed that 
the RDI and, even more, the apnea index, were greater 
when comparing patients with type I obstruction versus 
those with types II and III obstruction- 
Severity of OSAS probably should be taken into ac- 
count, especially since Sher et al,® showed that responders 
(RDI of less than 20 and a 50% decrease from preoperative 
RDI) had a lower baseline (43.1 ± 26.3 va. 65.7 ± 26.7). 
Chabolle et al. 11 found a cut-off point at 30 events per hour 
of sleep. Cure rate was 80% when the RDI was less than 
20 as opposed to 27% when it was greater than 30 event* 
per hour. 

The patients in the present study were selected ac- 
cording to stringent criteria: soft palate as the aite of 
obstruction^ a BMI leas than 30 kg/m a , and an RDI of less 
than 30 events per hour. The treatment failures in the 
present study may have had an associated tongue base 
obstruction during the night, although it waa not observed 
during clinical examination, even with Muller maneuver. 
A cephalometric analysis may have been useful to deter- 
mine whether the subject had a possible tongue base 
obstruction. 
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The treatment failures may have also heen due to 
residual excessive tissue in the soft palate. Radiofre- 
quency ablation has been shown to reduce tongue tissue in 
animals, 20 On the human soft palate, using a mean total 
energy level of 2377 J in one to several sites, a reduction of 
volume was shown by Powell et al. 4 Shrinkage in uvula 
length, but not in width, was observed. This shrinkage 
may be attributed to the scarring process, which is 
thought to rigidity the soft palate and decreases excessive 
compliance. Reduction of volume by necrosis may only be 
obtained using higher levels of energies. This may not be 
possible because of potential side effects such as postop- 
erative edema, which may compromise the airway, and 
mucosa necrosis, which may lead to perforation or uvula 
destruction. Therefore, using lower energies may provide 
only a nonsignificant volume reduction by necrosis, a 
probable volume reduction by retraction, and a decrease in 
compliance. Although not significant in our study, a long 
uvula should probably not, for the reasons mentioned 
earlier, be the best indication for radiofrequency ablation 
in OSAS. 

The time to stop treating a patient is another possible 
factor that might have lowered one or the other, success 
rate and/or cure rate. Our protocol stated that treatment 
should be stopped when the subject's bed partner was 
satisfied with the snoring level. This evaluation is highly 
subjective. Post-treatment snoring levels on the VAS were 
greater for patients who were considered failures: with 
TCRF ablation. This may mean that treatment was insuf- 
ficient and the P£ti^,gW require more session^. Be- 
cause of the highlSflt tfFthe electrodes and a probable 
treatment of all tjffiaofy ] 
ablation, we limit^the j£rj$ej$>f s 
proposed another j 

Snoring is not the best method txyfetermine wtfen 1 
stop treatment because some bed partners were saosBed 
with the snoring level even though the patients were not 
cured of their disease; on another hand, some patients, 
who did not have any significant residual apnea or hypop- 
nea, continued to snore and remained somnolent. Ambu- 
latory oxygen saturation, because of it lower cost and its 
ease of use, could be one possible tool for evaluation of 
when to stop the treatment. 

A polysomnography study should be performed in all 
treated patients. It detects TCRF ablation failures or 
worsening after treatment. Pour patient* in our study got 
worse. Several hypotheses can be made, including occur- 
rence of incidental factors such as sleep deprivation or 
acute nasal obstruction during the night of the recording 
or the presence of a new site of obstruction at the level of 
the tongue base. Critical closing pressure may have ibeen 
higher in the first place at the level of the soft palate than 
at the level of the tongue base. After TCRF treatment and 
a possible lowering of the critical dosing pressure at the 
level of the soft palate, the tongue base may have become 
the primary site of obstruction* 21 ' 2 * 

Patients were not highly somnolent at baseline be- 
cause their mean Epworth sleepiness scale score before 
TCRF ablation was what is considered normal (7.3 ± 8.5). 
Six of 29 patients (20.7%) patients had an Epworth sleep- 
iness scale score greater than 10 after TCRF ablation. 



Among them, four patients, who all had an initial RDI 
greater than 13 events per hour of sleep, were cured of 
their OSAS based on polysomnography results following 
our criteria. One cases was clearly related to periodic limb 
movements. Three of four patients showed an abnormal 
number of microaroUBals, which might have been related 
to respiratory limitation flow. One hypothesis is that 
TCRF ablation may have transformed OSAS in upper 
airway resistance syndrome by changing the soft palate's 
compliance. The compliance was such that the soft palate 
no longer collapsed against the posterior pharyngeal wall 
but increased pharyngeal pressures remained. This hy- 
pothesis must be confirmed by a study of OSAS patients 
with a full-night polysomnographic recording with esoph- 
ageal pressure measurement before and after TCRF 
treatment. 

CONCLUSION 

The soft palate is involved in the constitution of a 
pharyngeal obstruction in obstructive sleep apnea. In 
some cases, it could be the only site or the predominant 
site of obstruction. If patients are not overweight and do 
not have severe OSAS, palate surgery can have a fairly 
high success rate. We have shown that radiofrequency 
ablation with thermal control could, in a small, clinically 
selected population, have a 65,5% cure rate. Clinical 
teams should extend the present study to a greater num- 
ber of patients and on a long-term basis to possibly place 
radiofrequency ablation as one of the treatment of choice 
for some patients with mild to moderate obstructive sleep 
apnea, with the advj^it agogf i t being associated with few 
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